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The construction of the cryogenic components and 
cryostat vessel was completed. The cryostat vessel was 
moved to the final position at the end of October 1997. The 
main roll of the cryostat vessel is generating an adiabatic 
condition for inner cryogenic components such as coils, 
support structure, support posts etc. Since the inner 
components are basically torus shaped and it is needed to 
minimize the deformation generated by atmospheric 
pressure, the cryostat vessel also has a torus with a bell-
shaped cross section which is 13 m in diameter and 6.7 m 
height. It is made of 50-mm and 1 00-mm-thick SUS304 
plates. The content of nitrogen in the steel was controlled to 
minimize a magnetic permeability and to increase a 
mechanical strength. The radiation shield for the cryogenic 
components, which is kept at 80K, is attached to the inside 
surface of the vessel. The radiation shield is made of 
SUS316 in thin plates. A coolant pipe is attached on its 
surface by cleats and epoxy resin. Multi layer insulation 
(MLI) covers the outside surface of the radiation shield to 
prevent a radiation from room temperature to the shield. 
Figure 1 shows the installation of the cryostat vessel. 
The weight of the upper part of the vessel is 180 tons and 
total weight including hooking jig and wires is 240 tons. 
The vessel was lifted by a crane with a capacity of 250 tons 
and the vessel was moved to the final position. This event 
marked completion of the construction of the main large 
components of LHD. The upper and the lower part were 
connected by mechanical joints, and the inside surface of 
the joint area was welded to be airtight. High accuracy was 
achieved during the installation especially near ports below 
5 mm. Then inner plumbing for coolant and wiring work 
were done and peripherals such as valve boxes for cooling 
Fig.1 . Moving of the cryostat vessel to the final position 
where cryogenic components are. 
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control, a vacuum pumping system, a heating system for 
plasma and diagnostics devices were connected with LHD 
main device. 
In the phase of a cooling down or a coil excitation, it is 
important to investigate a mechanical and a thermal 
behavior of the cryogenic components because we should 
know if the components show the behavior we expect. For 
example, the maximum diameter among the cryogenic 
com~onents is about 12 m and the thermal shrinkage during 
coolmg down is 0.3 %, which is the property of SUS316. 
The displacement at the attached point between support 
structure and the support post would be 13 mm. Since the 
coolant is distributed to the components by using parallel 
paths from one supplying path, the temperature distribution 
in a component won't be uniform. An unequal thermal 
shrinkage will happen and a mechanical stress will be 
generated in the components. At the same time, the posts 
will be subjected unequal loads among ten ofthem. 
We put almost 1000 sensors consist of thermometers 
strain gauges and displacement gauges for the measurement 
as shown in table 1. Cemox™ and Ptco thermometers are 
used for measuring temperature between room temperature 
and 4K, and CRC thermocouple is for 80K level. The strain 
measurement for LHD is not easy because of following 
reasons. A strain gauge has temperature dependence, it 
needs a long distance wiring, and a direction of a principal 
stress varies during the cooling down and at the coil 
excitation. We adopted a thermal compensation system by 
setting a bridge circuit for an electric-resistance-type strain 
~auge near the measurement point, where the temperature 
1s expected to be same. Only mechanical stress component 
could be measured by using this system. Strains are 
basically measured for its toroidal and poloidal directions 
to analyze the stress distribution. 
The cooling down of cryogenic components was started 
in February and was achieved in the middle ofMarch 1998. 
The diagnostics for the cryogenic components is going on 
through the coil excitation and the end of warming up of 
the components. 
Table 1. Number of sensors set to the components. 
Thermometers and thermocouples 
Components Cemox™ PtCo CRC 
Support structure 100 165 
Support posts 8 16 20 
Radiation shield 184 
Total 108 365 20 





* Total number of axes. 
Strain* Displacement 
140 (368)** 4 
10 (24)** 
150 (392)** 4 
* * ( ) The number in the future. Elements have already been set. 
